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© In a wireless coordinate reader a switch circuit which is formed by connecting a plurality of series circuits 
each consisting of a switch (13a, 13b, 13c and a resistor (14a, 14b, 14c ...) in parallel with each other and 
connecting a capacitor (15) in series with one of the ends of this parallel circuit, is connected in parallel with a 
resonance circuit consisting of a ooil (11) and a capacitor (12) to constitute a coordinate Indicator. The 
coordinate reader comprises an amplification detection circuit (7) for detecting the amplitude of an induction 
signal Induced on a sense line, a phase detection circuit (8) for detecting the phase, and a control circuit (9) for 
judging the state of switches of the coordinate indicator from the detected amplitude signal and phase signal. 
The amplitude of a specific induction signal is corrected by coordinate data while using it as height data. The 
switch sate is judged after the phase signal is corrected in order to detect correctly the switch state. 

FIG. 1 
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Detailed Description of the invention: 

[Field of industrial Utilization] 

s This invention relates to a coordinate reader for inputting coordinates to an external apparatus such as a 
computer and more specifically, to a wireless coordinate reader which need not connect a coordinate reader 
main body and a coordinates indicator by signal lines. 

[Summary of the Invention] 

In a wireless coordinate reader in which an A.C. signal is applied sequentially to a plurality of excitation 
lines laid down on a sense Bne plate, sense lines are selected sequentially and a coordinate value is 
determined from the induction signal which is induced on the sense line by electromagnetic coupling 
between three members, i.e. the excitation line, a coil and the sense line, when a coordinate indicator 

is having a resonance circuit consisting of a coil and a capacitor is placed on the sense Bne, the present 
Invention Is directed to accomplish a coordinate reader capable of detecting the ON/OFF state of a plurality 
of switches cfisposed on the coordinate indicator. 

To accomplish this object the present invention connects a switch circuit, which is formed by 
connecting a plurality of series circuits each consisting of a switch and a resistor In parallel with each other 

so and connecting a capacitor in series with one of the ends of this parallel circuit, in parallel with a resonance 
circuit consisting of a coil and a capacitor to constitute a coordinate indicator, and constitutes a coordinate 
reader by an amplification detection circuit for detecting the ampStude of an induction signal induced on a 
sense One, a phase detection circuit for detecting the phase and a control circuit for Judging the state of 
switches of the coordinate indicator from the detected amplitude signal and phase signal. 

26 When the switch of the coordinate indicator is manipulated, the resonance frequency of the resonance 
circuit changes and this change causes the change of the phase of the induction signal. The present 
invention detects this phase change and detects the switch state. 

When a metal plate is disposed below the sense line plate, the phase of the induction signal changes 
also in accordance with the height of disposition of the coordinate indicator. The present invention corrects 

30 the amplitude of a specific induction signal by coordinate data, uses it as height data, makes Judgement of 
the switch state after the phase signal is corrected and detects correctly the switch state. 

[Prior Art] 

35 In a coordinate reader which mediates electromagnetic coupling between an excitation Bne and a sense 
line through a resonance circuit consisting of a coil and a capacitor and provided to a coordinate indicator, 
the phase of the induction signal induced to the sense line changes with a resonance frequency of the 
coordinate indicator. 

The resonance frequency of the coordinate Indicator can be changed, for example, by connecting a 
40 series circuit of a switch 107 and a second capacitor 108 in parallel with a resonance circuit of a coil 105 
and a first capacitor 108 as shown in Fig. 14. 

The coordinate indicator is constituted as described above, the excitation lines 102 and the sense Ones 
103 are disposed so as to cross orthogonally one another and to constitute a sense line plate 101, an A.C. 
signal is applied as an excitation signal to the excitation tine 102 and the induction signal induced on the 
45 sense One 103 is observed. 

The coordinate indicator 104 is placed on the sense line plate 101 and the switch 107 is turned 
ON/OFF. When the switch 107 is OFF, the induction signal and the excitation signal have a predetermined 
phase difference due to .the effect resulting from electromagnetic coupling and to the circuit characteristics. 
When the switch 107 is ON, the second capacitor 108 is connected in parallel with the resonance circuit, so 
so that the resonance frequency changes to a lower frequency side and the phase of the induction signal is 
much more delayed than at the time of OFF. The state of the switch can be judged by detecting this phase 
delay. 

[Problems to be Solved by the Invention] 

55 

In the general structures of the coordinate readers, a circuit substrate or the like is disposed often below 
the sense line plate and a shield plate consisting of a metal plate is disposed in most cases between the 
sense One plate and the circuit substrate In order to cut off the noise. 
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if the mstaJ plats Is disposed below the sense line plate, the inductance of the coQ of the coordinate 
Indicator Is affected by it The inductance of the coil changes in accordance with the height at which the 
coonfinate indicator is placed or in other words, the distance between the coordinate indicator and the 
shield plate. This change of coil inductance affects the phase of the induction signal, 
s This becomes a problem for the system which judges the state of the switches of the coordinate 
indicator by the change of the phase of the Induction signal. Since the phase difference between the 
switches becomes inevitably smaller when a greater number of switches are to be detected, the change of 
the phase due to the height cannot be neglected 

The present invention is completed in order to solve the problem with the prior art technique described 
w above. ^ 

A main object of the present invention is to achieve a wireless coordinate reader which need not 
connect a coordinate reader main body and a coordinate indicator by signal fines and which can detects the 
ON/OFF state of a plurality of switches cBsposed in the coordinate indicator. 

When the object of the invention is described in further detail, the present invention is directed to 
is accomplish a wireless coordinate reader which corrects the fluctuation of the phase due to the influences of 
a metal plate disposed below a sense line and which can detect correctly the switch state. 

[Means for Solving the Problems] 

20 In order to solve the problems described above, the present invention provides a wireless coordinate 
reader which comprises a sense line plate having a plurality of excitation fine groups and a plurality of 
sense Dne groups superposed and arranged on the sense line plate; a coordinate indicator including a 
resonance circuit consisting of a coil and a first capacitor, and a switch circuit connected in parallel with the 
resonance circuit, and switch circuit being constituted by connecting one or a plurality of series circuits 

25 each consisting of a switch and a resistor, in parallel with one another and by connecting a second 
capacitor in series with one of the ends of the parallel circuit; an amplification detection circuit for detecting 
an amplitude signal of the induction signal which is induced on the sense line groups when an A.C. signal 
having a frequency in the proximity of the resonance frequency of the resonance circuit of the coordinate 
indicator is applied to the excitation line groups under the state where the coordinate indicator is placed on 

so the sense line plate; a phase detection circuit for receiving the A.C. signal applied to the excitation line 
groups and the induction signal induced to me sense fine groups, detecting the phase of the induction 
signal and outputting it as a phase signal; and a controller for controlling each component of the coordinate 
reader, receiving the amplitude signal and the phase signal, correcting height data extracted from the 
amplitude signals by the coordinate, data calculated on the basis of the amplitude signal, correcting said 

as phase signal on the basis of the corrected height data, and judging the state of switches of the coordinate 
indicator from the corrected phase signal. 

In the wireless coordinate reader having the construction described above, the controller is provided 
with processing for selecting the excitation line groups and the sense line groups, and receiving the 
amplitude signal from the amplification detection circuit and the phase signal from the phase detection 

40 circuit; processing for calculating coordinate data of the position of the coordinate indicator on the basis of 
the inputted amplitude signal; processing for extracting an amplitude signal of an induction signal Induced 
to a sense fine having a specific positional relation with the position of the coordinate indicator from the 
amplitude signal as a height detection signal; processing for correcting the height detection signal by the 
coordinate data and calculating height data of the position of the coordinate indicator; processing for 

45 extracting a phase signal of a induction signal induced to a sense line having a specific positional relation 
with the position of the coordinate indicator from the phase signal, as a switch detection phase signal; 
processing for correcting the switch detection phase signal by the height data and calculating a switch 
phase signal; and processing for judging the state of switches of the coordinate indicator by the switch 
phase signal. 

so 

[Function] 

In the coordinate reader described above, the induction signal is generated on the sense line if the 
coordinate indicator is placed in the proximity of the selected excitation line and sense One during the 
55 process in which the A.C. signals as the excitation signals are sequentially applied to the excitation line 
group and the sense line group is selected. 

H the switch of the coordinate indicator is not pushed, the phase of the Induction signal has a 
predetermined phase difference from that of the excitation signal, ff the switch is pushed, the capacitor is 
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connected in parallel with the resonance circuit through the resistor connected in series with the pushed 
switch and the resonance frequency changes to a tower value. 

Inputting the induction signal induced to the sense line, the amplification detection circuit detects the 
amplitude signal and the phase detection signal detects the phase signal. The control circuit first calculates 
s the coordinate data on the basis of the amplitude signal and the correct the height data extracted from 
among the amplitude signal by the coordinate data. Furthermore, it corrects the phase signal by the 
corrected height data and judges the switch state by the phase data after correction, In this manner, correct 
detection of the switch state can be made without being affected by the height 

10 Brief Description of the Drawings: 

Rg. 1 is a configuration of a first embodiment of a wireless coordinates reader in accordance with the 
present invention; 

Fig. 2 is a sectional view of a sense Une.plate; 
is Rg. 3 is a configuration of a phase detection circuit; 

Fig. 4 is a circuit diagram of a coordinates indicator; 

Rg. 5 is a flowchart of processing of a control apparatus; 

Rg. 6 is a generation timing chart of an induction signal; 

Rg. 7 is a distribution diagram of coordinates data Qx; 
20 Rg. 8 is a distribution diagram of height detection signals; 

Rg. 9 is an explanatory diagram of a conversion table of the height detection signals; 

Rg. 10 is a timing chart of a phase detection operation; 

Fig. 11 is a distribution diagram of switch detection phase signals; 

Fig. 12 is a circuit diagram of a second embodiment of the coordinates indicator; 
ss Rg. 13 is a configuration of a third embodiment; and 

Rg. 14 is an explanatory diagram of a conventional switch detection technology. 

[Embodiment] 

so (Construction of coordinate reader by first embodiment) 

Hereinafter, a first embodiment of the present invention will be explained with reference to Rgs. 1 to 11 . 

First of all, the construction will be explained. In Rg. 1 . reference numeral 1 represents sense fine plate, 
and excitation line group 2 and sense line group 3 are laid down. The excitation fine group 2 and the sense 
ss line group 3 constitute turn-back loops and are aligned equfdistarrtiy with one another. In the first 
embodiment the excitation One group 2 and the sense One group 3 are disposed in such a manner as to 
cross one another at right angles. 

Though not shown in Rg. 1. a metal plate 21 is disposed below the sense line plate 2 while 
sandwiching a spacer 20 between them as shown in the sectional view of the sense One plate of Rg. 2. This 
40 Is a shield plate for eliminating the influences of a circuit substrate 22 which is disposed further therebelow. 

Reference numeral 4 represents an excitation scanning circuit and each excitation line of the excitation 
line group 2 is connected to this circuit The excitation scanning circuit 4 consists of a plurality of electronic 
switching devices such as analog switches and is constituted so as to provide the excitation signal ds 
supplied from a later-appearing excitation circuit 6 to the selected one of the excitation lines. 
45 Reference numeral 5 represents a scanning circuit, to which each sense line of the sense fine group 3 
is connected. It consists of electronic switching devices in the same way as the excitation scanning circuit 
4. selects one of the sense fines and connects it to later-appearing amplification detection circuit 7 and 
phase detection circuit & 

Reference numeral 6 represents an excitation circuit h receives an excitation clock dc from a later- 
so appearing control circuit 9, shapes its waveform and amplifies and outputs it as an excitation signal ds. 

Reference numeral 7 represents the amplification detection circuit described above which amplifies and 
detects an induction signal induced to the sense Gne group 3 and outputs an amplitude signal as of the 
induction signal 

Reference numeral 8 represents the phase detection circuit for detecting a phase signal ps of the 
55 induction signal is. Hs detailed structural view is shown in Rg. 3. Reference numeral 81 represents an 
amplification circuit and 82 is a comparator. The induction signal is from the sense scanning circuit 5 is 
inputted to the amplification circuit 81. The output of the comparator 82 is connected to one of the inputs of 
an exclusive-OR circuit 83. An excitation clock dc is Inputted to the other input of the exclusive-OR circuit 
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83 and its output is connected to an integration circuit 84 consisting of a resistor and a capacitor. This 
circuit converts the excitation dock dc to a reference phase signal and detects the phase of the induction 
signal is as a voltage signal charged to the integration circuit 84. 

The construction of the phase detection circuit 8 shown in this embodiment is a circuit which detects 
6 the difference of the phase of the induction signal is from the excitation clock dc and cannot detect advance 
and delay. However, freedom in setting of the reference signal for phase detection, circuit characteristics, 
and the (ike, can be improved as design items and it is befleved that the induction signal exhibits the 
advance and delay behaviours in comparison with fte reference signal depending on design. In such a 
case, a circuit for detecting fte advance and delay of the phase may be disposed. This circuit can be 

to accomplished easily. The construction of the phase detection circuit is not an essential subject matter of the 
present invention. In short, it may be the circuit which detects the phase difference between the two signals 
and the invention is not limited to this circuit 

Explanation will be continued by turning bade once again to Fig. 1. The control circuit 9 controls each 
unit receives and calculates each signal and determines the coordinates value and the state of the 

ts switches. It provides a drive address dadrs for designating the excitation One, which is to be selected, to the 
excitation scanning circuit 4 and a sense address sadrs for designating the sense line, which is to be 
selected, to the sense scanning drcuit 5. ft receives the amplitude signal as and the phase signal ps for 
calculating the coordinates value and the switch state. This control drcuit 9 is implemented TJy a 
microprocessor and each operational processing is executed by a program. 

20 Reference numeral 10 represents a coordinate indicator and its drcuit diagram is shown in Fig. 4. A cdl 
11 and a first capacitor 12 together form a resonance circuit The resonance frequency of this resonance 
drcuit is set to a value near fte frequency of the excitation dock dc. It need not always be equal to the 
excitation block. — 

A switch 13a and a resistor 14a are connected in series and constitute one sub-switch circuit This 

25 embodiment uses a normally-open type switch as fte switch 13 in order to deviate the resonance frequency 
towards the lower side when fte switch 13 is pushed, as will be described later in further detail. A plurality 
of sub-switch drcults are conneded in parallel and a second capacitor 15 is connected in series with one of 
the ends of the parallel drcuit to form a switch circuit This switch drcuit is connected in parallel with the 
resonance drcuit described above. 

do The resistors of fte sub-switch circuits have different values so that fte change quantity of the phase 
becomes different when each switch is pushed. However, the same value may be used naturally when fte 
same meaning is provided to fte plurality of switches. 

The state where a plurality of switches are pushed simultaneously can be detected, too. by employing 
suitable constants. 

35 

(Re: Scanning of coordinate reader and operation tin coordinate data calculation) 

Next the operation will be explained. It is the control drcuit 9 that controls fte coordinate reader and 
the control drcuit 9 executes the processing shown in the flowchart of Rg. 5. To begin with, the operation of 

40 selecting the excitation line group 2 and the sense line group 3 and the coordinate data calculation 
operation will be explained. 

The control circuit 9 outputs the drive address dadrs and selects one of fte excitation fines (step 1). 
Accordingly, the output of fte excitation drcuit 6 Is conneded to the selected excitation line and this 
excitation line generates an A.C. magnetic field. While the control drcuit 9 selects one excitation line, it 

45 outputs the sense address sadrs aid selects sequentially fte sense line group 3 (step 2). The selected 
sense line is connected to fte amplification detection circuit 7 and to the phase detection drcuit 8. 

In fte flowchart shown in Fig. 5, the sense line group 3 is selected sequentially after fte excitation line 
group 2 is dedded but this sequence may be reversed. In such a case, fte sequence of step 4 and step 5 
in Rg. 5 is reversed, as well. 

so When the coordinate indicator 10 does not exist on the sense line plate 1, no signal is Induced to the 
selected excitation line because fte excitation line group 2 and fte sense line group 3 have the orthogonally 
crossing relation. When fte coordinate indicator 10 is placed on the sense line plate 1, however, the 
Induction signal is is induced to each sense line of the sense Dne group 3 in accordance with fte positional 
relation between the sense line plate 1 and the coordinate indicator 10. This is due to the effect of 

ss electromagnetic coupling between fte three parties, that is, the excitation line, the coil 11 aid fte sense 
§ne. 

Rg. 6 shows the induction signal is as the timing chart of scanning. It shows fte case where the 
excitation line group 2 is scanned from the upper portion to lower portion of fte drawing and fte sense line 
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group 3 is scanned from the left to right of the drawing, taking Fig. 1 as an example, in Fig. 1, the position p 
of the coil 11 exists in the region where the excitation line 62 and the sense line s2 cross each other. 

If the excitation line dO and the sense line so are selected or In other words, If their crossing region is 
far apart from the position p of the coil 11, the induction signal Is is not observed. As me crossing region of 
5 the excitation Bne and the" sense line comes closer to the position p of the coil, the induction signal is 
becomes greater and becomes maximal when the excitation line d2 and the sense One s2 are selected, the 
induction signal is exhibits the distribution such as shown in the timing chart of Fig. 6. 

The induction signal is is converted to the amplitude signal as by the amplification detection circuit 7 
and to the phase signal ps by the phase detection circuit 8. The magnitudes of these signals are read by 
w the control circuit 9 (step 3). The input of the control circuit 9 is an A/D conversion circuit and reads these 
signals as digital quantities. 

The control circuit 9 repeats the processing described above for the range in which the induction signal 
necessary for calculating the coordinate data are obtained such as five each excitation lines and sense Ones 
(steps 4 and 5). This operation is called "scanning". Additionally, the scanning range is not limited to five 
is each lines. 

When one scanning operation is completed, calculation of the coordinate data (step 6) is conducted by 
the following method. The control circuit 9 detects the amplitude signals of the signals isp, isxl, rsxh, isyl, 
jsyh shown in the timing chart of Fig. 6 among the amplitude signals as that are read and calculates the 
coordinate data of the position at which the coordinate indicator 10 is placed In accordance with following 
20 formula (1): 



25 



30 
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where isxl > isxh, 
n is a constant and 
0x . (isp-isxh)xn 

where isxh > isxl 



(formula 1) 



Though the formula 1 represents one axis of the X-Y coordinate system, it can likewise be applied to the 
<o second axis. The following explanation will be given also on only one axis. 

The characteristics of the value Ox of the formula 1 win be explained with reference to Fig. 7. First of 

ail, when the coll 10 is placed at the center of a certain sense line (Fig. 7(a)), the induction signals texl and 

isxh on both adjacent sides of isp are equal to each other; hence. Qx = n from the formula 1. When the coil 

10 moves and reaches the position between the sense line which induces isp and the sense ine which 
45 Induces isxh (Fig. 7(b)), isp and isxh are equal to each other; hence. QX - 0 from the formula 1. Namely. 

Qx takes the value between n and 0 while the coil 10 moves from the center of a certain sense line to the 

boundary with the adjacent sense fine. 

This relation exhibits the opposite tendency on the right and left sides with the center of the sense line 

being the boundary and the same tendency is exhibited for each sense One. In other words, the relation 
so represents the information at which position between the sense lines the coil 10 exists. This information is 

hereby called "coordinate data". 

Incidentally, the position on the sense line plate as a whole can be determined from a sense line 

number and from the coordinate data obtained hereby, though this is not the gist of the present invention. 

and it is used as the coordinates value. 



(Re: Operation for calculating height data) 

Next the operation for calculating height data will be explained. 
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First of all, the terms will be explained briefly in order to avoid any confusion of the following 
explanation, tn the following explanation, the term "height detection signal 0 means the signal before 
correction by position is made and the term 'height data" means the signal after correction by position is 
made. 

5 To begin with, the control circuit 9 extracts the amplitude data of the induction signal isp used for 
calculating the coordinate data from the amplitude signals as of the induction signals inputtecTduring the 
scanning operation and uses it as the height detection sfgnaMsetp 7) 

The induction signal isp in this case can be defined as the induction signal of the sense line which is 
the nearest the coordinate inolcator 10. This signal is an example of "the induction signal induced to the 

w sense line having a specific positional relation with the position at which the coordinate indicator is placed" 
which is described in the scope of claim and is not particularly limited to isp. For example, isxl , too, has a 
specific relation with the coordinate indicator and the sense line inducing this signal and thTTis the signal 
whose magnitude changes according to the position at which the coordinate indicator is placed and to the 
height Similarly, this signal can be used as the height detection signal. 

t5 When the amplitude signal of the induction signal isp is employed as the height detection signal, the 
magnitude of the height detection signal becomes a function of the position and height of the cotl inside the 
sense Tine as shown in Rg. 8. Fig. 6(a) shows the relation between the coll position and the height detection 
signal when height is kept constant. As shown in the drawing, the magnitude of the height detection signal 
exhibits the tendency such that it becomes maximal when the coil is at the center of the sense line, and 

20 drops gradually as the coil moves to the peripheral portions of the sense line. Rg. 8(b) shows the relation 
between the coil height and the height detection signal when the position is kept constant It is obvious 
without any explanation that the height detection signal drops as the coil position becomes higher. Thus, the 
height detection signal cannot be used without any modification the information representing the height 
On the other hand, the coordinate data have the relation' shown in Rg. 7. Since the coordinate data and 

25 the height detection signal have a predetermined relation with respect to the position inside the sense line, 
it is possible to eliminate the influences of the position on the height detection signal by correcting the 
height detection signal by the coordinate data. This is a very important processing here. 

More specifically, as the coil moves toward the peripheral portions of the sense One, both the coordinate 
data Ox and height detection signal tend to decrease. Therefore, processing is made such that the 

30 decrement of the coordinate data Ox is corrected and added to the height detection signal. Conversely, the 
increment of the coordinate data at the center of the sense line is corrected and subtracted from the height 
detection signal to give the same result 

The relation between the coorcfinate data and the correction quantity of the height detection signal is 
complicated. Therefore, a conversion table from the coordinate data to the correction quantity Is employed 

35 to perform the processing. Rg. 9 is an explanatory diagram of the conversion table of the height detection 
signal. Rrst of all, the relation between the coordinate data and the correction quantity is examined by 
experiments and the result is stored in the form of the conversion table. This conversion table is retrieved 
by the coordinate data calculated in step 6 in order to obtain the correction quantity. This correction 
quantity is added to, or subtracted from, the height detection signal and the result Is used as the height 

40 data, (step 8) 

Rg. 9 shows an example of the conversion table when n = 255 in the formula 1 for calculating the 
coordinate data Ox. in this table, the decremented quantity of the height detection signal In proportion to the 
movement distance of the coil 10 from the center of the sense line toward Its peripheral portions is 
registered as the correction quantity. It will be assumed, for example, that the coil 10 moves to the far 
45 peripheral portion of the sense line and Ox = 20 is obtained as the coordinate data. By use of this 
conversion table, the correction quantity corresponding to Qx = 20 is 27 and this value is added to the 
height detection signal. 

(Re: Operation for judging the switch state) 

so 

Next the operation for judging the switch state win be explained. 

Here, the terms will be explained once again briefly, in the following explanation the term "switch 
detection phase signal" means a signal before correction by height is effected and the term "switch phase 
data" means a signal after correction by height is effected. 
55 The control circuit 9 performs scanning of the sense line plate 1 as described already. During the 
scanning, the induction signal is is inputted to the phase detection circuit 8 and is converted to the phase 
signal ps. 

The operation of the phase detection circuit 8 will be explained with reference to the timing chart of Rg. 
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10. In the drawing, dc is the excitation clock, ds is the excitation signal and is is the induction signal. When 
no switch of the coordinates indicator 10 is pushed, the induction signaTis is Induced while having a 
predetermined phase difference with respect to the excitation signal ds. ~~ 

TTte process In which the induction signal Is is processed will be"ixplained. first, the induction signal is 
s is amplified by the amplification circuit 8 Inside the phase detection circuit 8 and is converted to a square 
wave by the comparator 82L It becomes thus an induction signal shaped wave ip. The induction signal 
shaped wave Ip and the excitation clock dc are phase-detected by the exclusive-OR circuit 83 to provide a 
detection signal pp. The detection signal pp is converted to a D.C. signal by the Integration circuit 84 to 
provide a phase signal ps. 

to When one of the switches of the coordinate ircficator 10 is pushed, the capacitor is connected in 
parallel with the resonance circuit through the resistor which is connected In series with the pushed switch. 
Therefore, the resonance frequency of the resonance circuit changes to a lower frequency side. This 
change works in the direction of delaying the phase of the induction signal is. In Fig. 10, the induction signal 
ish is a signal produced when one of the switches is pushed and represents that its phase is delayed from 

is tfie phase of the induction signal is when the switch is not pushed. This signal is converted similarly to the 
phase signal psh by the phase detection circuit 8. As is obvious from the operation of the circuit, the 
magnitude of the phase signal psh is greater than that of the phase signal ps and it can be thus understood 
that the phase change can be detected. 

During the scanning processing, the control circuit 9 performs A/D conversion of the phase signal ps 

» and acquires its magnitude. Then, the control circuit 9 adopts the phase signal ps generated when the 
signal isp. which is used for calculating the coordinates, Is generated and shown in Fig. 6, as the switch 
detection phase signal as the fundamental data for judging the switch state, (step 8) 

The timing at which the switch detection phase signal ps Is employed is not limited to the case 
described above where the signal isp occurs. Since phase detection is possible so long as the Induction 

*s signal is generated, sampling may be made at a specific timing. In view of S/N, however, it is preferred to 
detect the phase of isp which is the greatest induction signal. 

As described in the paragraph of [Problems to be Solved by the Invention J , however, the switch 
detection phase signal extracted in the manner described above is a signal which is affected by the height 
of the coil. More specifically, as the height of the coil becomes greater, inductance of the coil increases and 

30 the resonance frequency of the resonance circuit changes to a lower frequency side, so that the phase 
tends to delay. This tendency is schematically shown in Fig. 11. The drawing shows schematically the 
change of the phase when the height is changed while several switches are kept pushed. 

Since the coil height data are obtained already in step 8, the switch detection phase signal is corrected 
in accordance with the data so that this signal is not affected by the height This is a very important 

35 processing in this case. 

The relation between the height data and the correction quantity of the switch detection phase signal is 
complicated in the same way as the height data conversion processing and for this reason, a conversion 
table is employed to accomplish the relation in the same way as before. Though the detail is not given, the 
correction quantity of the phase change due to the height is obtained from the conversion table by the 

40 height data and is added to, or subtracted from, the switch detection phase signal and the result is used as 
the switch phase data (step 10) 

The switch position obtained by the processing described above is the data in which the change of the 
phase due to the height is corrected and which reflects only the switch state of the coordinate indicator. The 
magnitude of the switch phase data is changed when the switch of the coordinate indicator 10 is pushed. 

45 The control circuit 9 judges the switch state by comparing this data with the comparison value of phase 
judgement (step 11) 

(Coordinates reader by the second embodiment) 

so The coordinates indicator in the first embodiment uses the normally-open switches but the indicator can 
be constituted by use of normally-closed switches, as well. Rg. 12 shows the circuit diagram of the 
coordinates indicator in the second embodiment Construction of the coordinate reader are the sane as that 
of the first embodiment but part of the operation is different 

The switches 33a, 33b, 33c ... of the coordinate indicator 30 are all normally-closed switches. When 
ss none of them are pushed, each switch is closed and the second capacitor 35 is connected in parallel with 
the resonance circuit through all the resistors 34a, 34b, 34c ... connected in series with the switches. It 
means that the second capacitor 35 is connected with the lowest resistance value. 

Under this state the induction signal is Is induced with a predetermined phase difference with respect to 
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the excitation signal ds. 

When one of me switches is pushed, the resistor connected in series with this pushed switch is cut off 
from the resonance circuit and the resistance value of the switch circuit changes in an increasing direction. 
Therefore, the resonance frequency of the resonance circuit changes to a higher frequency side. This 
s change affects the direction in which the phase of the induction signal is is advanced. 

This advance change of the phase is detected by the phase detection circuit 8 and the control circuit 
makes judgement of the switches in the same way as the operation explained in the first embodiment 

(Coordinate reader by a third embodiment) 

TO 

The gist of the present invention resides in that the frequency of the resonance circuit of the coordinate 
indicator is changed by manipulating the switches and the change of the phase of the induction signal that 
occurs due to electromagnetic coupling between the three members, that is, the excitation line, the coil and 
the sense line is detected so as to judge the switch state of the coordinate indicator. Accordingly, the 
is arrangement of the excitation lines and sense Ones and the scanning method are not limited to those of the 
first embodiment. 

Fig. 13 is a configuration of the third embodiment As shown in the drawing, the excitation fine group 52 
does not cross orthogonally the sense line group 3 but are disposed in the same direction. Furthermore, 
both of them overlap partially with one another. The rest of the configuration is the same as that of the first 
20 embodiment 

When one excitation Tine is selected by the excitation circuit 4 and the excitation signal is applied 
thereto and at the same time, when one sense line overlapping this selected excitation line is selected on 
the sense line plate 51 having such a configuration, the induction signal develops on this sense line due to 
electromagnetic coupQng with the excitation line. 

25 The difference of this embodiment from the first embodiment is that the Induction signal is generated 
even though the coordinate indicator 10 does not exist on the sense fine plate 51. When the coordinate 
indicator 10 is placed on the sense line plate 51, however, coupling becomes stronger and a greater 
induction signal is generated. Accordingly, the coordinate value can be determined by observing the 
amplitude of the induction signal and the phase signal can be detected, too. 

30 The induction signal is the sum of the signal which couples through the coil and the signal which 
couples directly with the excitation fine. Therefore, the reference value of the phase signal becomes 
different from that of the first embodiment However, whereas the phase of the signal which couples directly 
with the excitation line is constant, the phase of the signal which couples through the coil changes with the 
switch state as before, and the switch state can be judged accordingly from the phase signal in the same 

35 way as In the first embodiment 

(Effect of the Invention] 

In accordance with the present invention as described above, the coordinate Indicator is constituted so 
40 that the capacitor is connected In parallel with the resonance circuit through the resistors when any switch is 
pushed ana the phase of the Induction signal due to electromagnetic coupling between the excitation line 
group, the coordinate Indicator and the sense line group is changed by manipulating the switches. This 
phase change is detected by the phase detection circuit so that the switch state can be judged by the 
control circuit Accordingly, it becomes possible to accompBsh a wireless coordinate reader capable of 
45 detecting the state of a plurality of switches disposed on the coordinate indicator without connecting the 
coordinate indicator and the coordinate reader by signal fines. 

The present Invention corrects the change of the phase signal made due to the height of the coordinate 
indicator by means of height data which is based on the original amplitude signal. Therefore, the present 
Invention can accomplish a wireless coordinate reader capable of detecting accurately the state of a 
so plurality of switches without being affected by the height 
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Claims 





1. A wireless coordinate reader comprising: 

a a sense line plate having a plurality of excitation line groups and a plurality of sense Gne groups 
superposed and arranged thereon; 

b. a coordinate indicator including a resonance circuit consisting of a coil and a first capacitor, and a 
switch circuit connected in parallel with said resonance circuit, said switch circuit being constituted 
by connecting one or a plurality of series circuits each consisting of a switch and a resistor in 
parallel with one another and by connecting a second capacitor in series with one of the ends of said 
parallel circuit; 

c. an amplification detection circuit for detecting an amplitude signal of the induction signal which is 
induced on said sense fine groups when an A.C. signal having a frequency in the proximity of the 
resonance frequency of said resonance circuit of said coordinate Indicator is applied to said 
excitation line groups under the state where said coordinate Indicator is placed on said sense One 
plate; 

d. a phase detection circuit for receiving said A.C. signal applied to said excitation line groups and 
said induction signal induced to said sense line groups, detecting the phase of said induction signal 
and outputting it as a phase signal; and 

e. a controller for controlling each component of said coordinate reader, receiving said amplitude 
signal and said phase signal, correcting height data extracted from said amplitude signals by the 
coordinate data calculated on the basis of said amplitude signal, correcting said phase signal on the 
basis of the corrected height data, and judging the state of switches of said coordinate indicator from 
the corrected phase signal. 

2. Method of Judging the state of switches of a coordinate indicator in a wireless coordinate reader 
according to claim t, wherein said control circuit is provided with: 

a processing for selecting said excitation line groups and said sense line groups, and receiving said 
amplitude signal from said amplification detection circuit and said phase signal from said phase 
detection circuit; 

b. processing for calculating coordinate data of the position of said coordinate indicator on the basis 
of sad inputted amplitude signal; 

c. processing for extracting an amplitude signal of an induction signal induced to a sense line having 
a specific positional relation with the position of said coordinate indicator from sad amplitude signal, 
as a height detection signal; 

d. processing for correcting said height detection signal by said coordinate data and calculating 
height data of the position of said coordinate indicator; 

e. processing for extracting a phase signal of a induction signal induced to a sense line having a 
specific positional relation with the position of said coordinate indicator from said phase signal, as a 
switch detection phase signal; 

f. processing for correcting said switch detection phase signal by said height data and calculating a 
switch phase signal; and 

g. processing for judging the state of switches of said coordinate indicator by said switch phase 
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